The EcoFriends application was developed as an attempt to support grocery shopping adjusted to vegetables' seasonality through a performative approach to interaction and interactive applications. The design aimed at critical reflection and inspiration among users, rather than achieving a certain kind of persuasion. This guided the practical design to be modelled around open-endedness and social voices to challenge ideas and points of view. We argue that research addressing design for interactions about value-laden concepts such as sustainable action need to find ways of supporting various knowledge discourses, by distinguishing between performative and representational technologies. The approach allowed us to identify a number of design challenges regarding interactive technology and interaction design in relation to aspects of knowledge and truth, trust, negotiation and responsibility.
INTRODUCTION
Designing technology for sustainable lifestyles is complex, requiring considerations of various experiential dimensions including values, ideologies, facts, inspiration, and usability [5, 6, 9, 10, 17, 25, 26] . To explore how to avoid the framing of interaction around sustainability through onedimensional or too simplified metrics, we have designed a mobile application called EcoFriends. It aims to inspire to grocery shopping based on what is in season. Countries with long winter seasons need to import large amounts of agriculture groceries. It has been suggested that by buying what is locally harvested, long transports from the other side of the world can be avoided.
Our overall aim was to explore critical perspectives on design [3, 4, 11, 12, 29] to address the complexities of sustainability and sustainable interaction. This involved supporting sustainable grocery shopping through inspiration rather than persuasion. Achieving this required a design approach through which information and interaction with the system was challenging and thought provoking, and thereby inspired people to engage in interaction with a multitude of aspects. The design and study of EcoFriends was inspired by a technical probe approach in a fashion that allowed both user study and design process to contribute to the investigation of sustainable interaction design. This approach allowed us to reflect on more general aspects of interaction design in value-laden domains. During the process of designing and studying EcoFriends (see [34] ), we learned that for most participants the relevance of seasonality of a vegetable or fruit depends upon a wide range of aspects, such as growing methods, transportations, price, cooking preferences, taste, water use, storage, societal situations, and country of origin. The final design of Ecofriends attempted to expose a number of such aspects of what constitutes grocery shopping in season. This included what lay people and experts say about various products in different contexts, and information from various local sources, such as news or weather information.
As pointed out by Brynjarsdottir et al. [8] , sustainable interaction design easily become problematic in the doubly ambitions of addressing the diversity of dimensions involved in sustainable living, in relation to turning these into hard facts. Their critique focus on how the design scope of persuasive technology, such as supporting sustainable lifestyles, has been too confined. They highlight how sustainability is then often defined to make room for measurable progress at the cost of other less concrete values. They also argue that a strict focus on individuals and behavior change tend to bracket out social, cultural, institutional, and personal contexts of lived experiences. To take this line of thinking into a concrete design case, we analyse the ways that EcoFriends was Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from Permissions@acm.org. encountered by the participants. This revealed a number of underlying tensions in the design of applications organised around multi-faceted societal phenomena, such as sustainability.
As conceptual starting point for our analysis of the application and the interaction, recent work from Science and Technology Studies (STS) and social theory was used to outline a distinction between so called representational and performative technologies. These two notions reflect a perspective on knowledge conceptualized as primarily being about representations of phenomena, versus a perspective of knowledge as social and material performances of phenomena. In the following discussion, these perspectives are related to issues foundational to interaction design practice and the role of various epistemologies, norms and values [13, 14, 15, 19, 23, 24, 31] .
TECHNOLOGY AS REPRESENTATION VS TECHNOLOGY AS PERFORMANCE
This work explores what theorists such as Barad, Pickering, and Hekman has labeled a performative perspective on science, knowledge and epistemology [1, 2, 18, 28] . This perspective is put forth as an alternative to a representational perspective that primarily conceptualises knowledge production processes as ways of representating real world phenomena, such as technology or interaction. From that point of view end-users, technology and designers are relatively fixed categories with well-defined relations and boundaries [7] . Design wise, interactive technology is then assumed to straightforwardly represent and reflect such relations and boundaries. Performative perspectives, on the other hand, is concerned with processes of knowledge production as social and material performances in real-world phenomena. This includes an inseparability between knower and known, and for the case of interaction, an inseparability between user and technology, and user action, and actions generated by interactive systems. Performative perspectives have recently been brought into HCI and interaction design by a number of researchers. Perhaps most fundamentally in Suchman's work on interaction as processes of reconfigurations between human's and machines [32, 33] . But also in more applied work such as that of Jaccucci et al on design things [19] , Tholander et al. on agency and materiality [35] , as well as Leahu [21] . The central element of this perspective is that it proposes that design and user actions should be understood as emerging from the intra-actions within a phenomena, rather than from the interactions between different actors and objects. Thereby, this perspective poses fundamental questions for how to understand interactive technologies, the information and the models these are based on, and how these are communicated and interacted with.
The performative model also differs from the representational model in that it focuses on the enactment of a phenomenon rather than on pre-defined conceptions.
First and foremost, the performative model does not take users, technology and other participants as fixed categories with a given set of properties that can be reflected through representational relations. Rather, these categories dynamically emerge, and thus change through the on-going performances between actors and objects. Like Suchman proposes, it is the material discursive boundary-making practices that produce categories like users, applications, information, and values. In our study we use the distinction between representational and performative technology to understand the tensions that surfaced in the user study of the application and the users' encounter with it.
ECOFRIENDS -PROBING DESIGN FOR SEASONALITY
Shopping of groceries is nowadays characterized by considerations of a variety of factors such as price, taste, health, habits, social context, availability, and to an increasing extent ethical aspects, such as environmental effects and fair trade (see Figure 1) . In wealthy parts of the world, it is more or less expected that all vegetables and fruits should be available at all times of the year, no matter local growing seasons. This means that the greens are transported from other parts of the world as well as grown in heated greenhouses. In the wake of environmental concerns, it has in many countries been suggested that buying fruits and vegetables that are in season is a way to avoid this. The motivation for this includes environmental aspects to decrease transportation and supporting local farming, as well as considering natural conditions that maximize taste and nutritional value of fruits and vegetables. The EcoFriends application was designed to engage people to reflect on their everyday vegetable consumption from social, political, and organic perspectives. based on twitter feeds in the user's local area about various products. Secondly, the application was designed to include contextual information about the various groceries included in the application. The application dynamically gathers information about the origin and context of the different products that the participants are buying. Local news, weather, tweets and organic blogs relating to the product are supporting users in making a contextually rich interpretation of the product and its origin.
Visualizing social voices and displaying context
The application has three visualization views; the scanning of groceries, the seasonal changes of groceries ( Figure 2 , left), and contextual information (Figure 2 , right). Groceries are scanned by taking a picture of the barcode of a product through a picture of big mouth. The scanned groceries are displayed in a list including the total cost.
Seasonal changes are displayed on a round tablecloth with products that are in season in a particular week distributed over it. The more frequent a product is occuring in our source data during a particular week, the bigger its picture. The groceries that are less in season are gradually faded out in the interface. The user can scroll back and forth in time to see how seasons dynamically change from week to week over the last year. The 'voices' of the user's social network, 'the food experts', the local community, are depicted through color variations: colored, black and white, and light green respectively. The five top products in each of the three categories have a pink border.
The three voices are seemingly incompatible and thus create a deliberate contrast to each other with the intention to push the user towards a more critical reflection regarding eco-friendly seasonal shopping. For instance, the voices of food experts and the local community is based on their expressions on-line, while the voice of your social network users are based on their concrete shopping actions.
By selecting a product, specific information about its origin is displayed, such as the current weather, a news clip, and a map of its location (see Figure 2 , right). This contextualises the products and the social voices tying them to online discussions and information about food and grocery shopping, and the broader context related to the product. In a way this is the very opposite of organic labelling in that it displays locally specific information about a product, rather than condensing it through a predefined label.
LESSONS LEARNED FROM ECOFRIENDS
In the following sections, we discuss user encounters that were collected during three field experiments arranged as dinner parties among groups of friends, consisting of four to eight people including two researchers. Each group was asked to use the application to plan a three-course dinner, shop for groceries, and cook a meal together. During the dinner itself open-ended discussions about the participants' experiences of the activity and the application were held.
The participants' discussions evolved around the following themes:
 How the participants interpreted the application and what the various interactions was about.
 Expressions and actions around season and grocery shopping.
 If and how the application influenced their understanding and motivations of seasonal shopping.
The discussions were all videotaped and transcribed.
In our analysis, we attempted to move beyond descriptions of practical user encounters towards analyses of the phenomena involved in designing for sustainability. It included careful consideration of what it really means to design technology with the ambition of entering into people's everyday practices such as grocery shopping. We encountered a number of overlapping and sometimes conflicting areas that created tensions in the interaction with the application. These were:
 Participants' conceptions of sustainability.
 Participants' expectations of the application.
 Participants' experience of the interaction.
As discussed above, the application was designed to attempt to display a multi-faceted perspective on seasonality in grocery shopping. Overall, we found that this to a large extent also occurred in the participant's interactions and their experience of the application. This surfaced as challenges and frustrations about how participants' values were treated in the interaction, as well as in expressions of the practical usefulness and difficulties with the application. In order to understand the processes that created this broad range of experiences, we attempted to dig deeper into the driving forces behind these. Especially, we analysed the user encounters where the interaction with the application resulted in situations that challenged the participant's pre-conceived conceptions of knowledge about seasonality.
Reflecting "truth"
Early on in the discussion at one of the dinner parties, the users talked about quite general aspects of the application. In this excerpt they raise a number of concerns that recur throughout the discussions about the application. In particular, it exposes a discrepancy between the participants' expectation of how seasonality should be defined and the way the application portrays it.
The participants, here initially displayed by Woman 2, talk through their experiences of the design and the functionality of the application. They review their understanding of the application and the topics that engaged them, in particular their understanding of how the In the first turn, Woman 2 talks about how the seasonality of a product changes throughout the year and how she believes that in order for the application to be practically useful, one would want to know what " being in season really is about" and how it is reflected in the application. Moreover, Woman 2 couples this concern with what is correct, with other aspects relevant to what she calls 'environmentally friendly action', such as origin, what specific products one is buying, how far it has been transported, if it is domestic, etc. Furthermore, in turn 6, she brings up a number of practical circumstances and reasons that would make the application interesting and useful, such as the quality, price, environmental friendliness of particular products, as well as her own knowledge in these matters.
The concerns that get established in this first excerpt point to the general tensions and challenges in how the participants portray their experiences of EcoFriends. There is an expectation of a stricter definition of what it means for a fruit or vegetable to be in season, i.e. the application should provide "correct" knowledge about these matters, rather than open-ended sometimes even disparate information.
Despite this expectation about a specific time for when a product is in season, the participants' argumentation around these matters points to how these are multi-faceted issues that are difficult, even impossible, to define in absolute or discrete terms. The open-ended fashion in which seasonality is modelled, represented, and portrayed in EcoFriends, constitute the foundations for some of the interactional challenges experienced by the participants.
The participants' critique regarding the open-ended character through which seasonality is portrayed, is put forth despite their own often well-grounded arguments as to why seasonality is problematic to define. Likewise, this expectation of a 'real definition' stands in conflict to the practical and open-ended situations that the application is used in. This reflects Brynjarsdóttir et al.'s critique of persuasive applications, regarding how these kinds of conflicts arise because of a "modernistic expectation" on technology [8] . Such modernistic expectation, they argue, narrows the focus of design and evaluation towards simplistic metrics and away from the complex issues involved in persuasion and sustainability.
Exploring knowledge
In this next excerpt, the discussion evolved around examples that illustrate the users' various conceptions of the application. One participant browsed for carrots and used it as an example to discuss the application's model of seasonality. Her opinion was that the seasonality of carrots should provide a prototypical example of a specific product's seasonality, i.e., she argued that carrots must be in season during mid-autumn. According to the application, carrots were to some degree in season at that time of the year as she argued should be the case, but it was not put forward as one of top ones. As discussed above, seasonality is based on the occurrences of groceries in various social media. However, there is no hard-coded correlation between harvest period and seasonality in EcoFriends. This is an example of a discrepancy between the particular ways that core concepts are modelled in Ecofriends, and a participants' individual view of how such a concept should be modelled in the application, which in turn, brings along a number of discursive tensions. These tensions regard how the users experience the conception of season in EcoFriends, and expectations of how applications for sustainable grocery shopping should be designed.
Open-endedness
The third excerpt further deals with the open-ended definition of seasonality in EcoFriends. The primary issue of concern regards how the participants related to the openended representation of seasonality, and how their expectations for well-defined concepts were expressed as requirement for a trustworthy design. 
Researcher: What is it that you need to feel that you

Man 2: I would be more trusting if I got some further sources, like, um, five chefs recommends this…if it would be, like, I don't know, Råd & Rön [Swedish product review magazine], like a source of some kind.
In turn 2, Woman 2 says that she chooses groceries based on what is in season. At the same time she also points to the difficulty of specifying what it means for a product to be in season, and the need for well-grounded knowledge, in order to make informed shopping choices. Following up on that, she suggests price as a potential factor for when potatoes are in season. Considering the various candidate factors she brought up in in Excerpt 1, such as being locally grown or the distance a product was transported, this suggestion further points to a pragmatic, situationally dependent perception of seasonality. In turn, this reflects an interesting contrast between what could be defined as her practice-or rule of thumb-based conduct on the one hand, and her more rational discussion of seasonality as such, and how these could be balanced in technology design.
Questioning reliable sources
This excerpt elaborates on the discussion about trustworthy sources in sustainability issues and grocery shopping. As stated in the previous excerpts, the participants in our study apply practical experiences for shopping groceries in season. However, in this excerpt they have a number of arguments supporting the complexity involved in narrowly defining a concept such as seasonality: On elaborating on the issue of trust, in turn 5, Woman 2 brings up the various agendas of different stakeholders such as chefs and producers as uncertain sources. Woman 2's question, "Why did they choose it", is an example of such an explorative question. The uncertainty introduced by EcoFriends spurred the kind of reflective reactions we see here, which the application was actually designed to foster. Whether this is a good or bad design idea could of course be debated and it should be remembered that EcoFriends was set up to investigate such issues. What we find most interesting is that it points to the issue that the design engaged users in questioning how seasonality as a concept should be understood in interaction.
Who is responsible
Yet another aspect that repeatedly surfaced regarded the relationship between sustainability and responsibility came forward. One participant said: This utterance points to the fact that there are a number of available sources that provides hints about how to choose vegetables and fruits in a sustainable way (origin, growing method, transportation). However, using these sources in deciding what to buy is not a straightforward matter. It requires an effort of deciding and taking responsibility that were experienced as unclear or perhaps confusing, sometimes to an extent that some of the participants even claimed would become meaningless. The different concerns regarding the locus of responsibility for a particular action cannot be understood as connected to a singular source, but must instead be regarded as a phenomenon that emerges in the matrix of users, the application, designers and the information assembled and portrayed through the application. When a product is in season becomes a question of constant (re)negotiation that relies on the dynamics of the external forces, social and broadcasting media, and other actors.
Several of the participants repeatedly claimed that "it would be irresponsible" for an application to portray information that potentially could play a role in users making "unethical" choices or that they would become misinformed about what actually constituted season for a particular product. This was not because such choices would not be made otherwise, but because an application that influences users should -they claimed -do that in the most correct manner possible. They were concerned that the application would determine the actions of users in inappropriate ways. Arguably, this illustrates how conceptual simplifications that technology inevitably makes, may lead users to expect technology to take on some of the accountability of their actions. This kind of reasoning about responsible action and environmentally friendly shopping suggests a tension between knowledge, habits and who is to be held accountable; society, individuals, or technology designers.
ANALYSIS
When designing EcoFriends, one of the most important conceptual starting points was that it should not provide guidelines, but rather work as a discursive companion and inspiration for buying and cooking based on seasonality. In particular, the design aimed at avoiding a persuasive 'voice' in the application by using a performative design approach. We have attempted to view sustainable action as a phenomenon under constant negotiation, i.e., something that is constructed through human social action.
The analysis of the user study spurred a number of issues regarding the design and use of performative design approaches and value-laden concepts. These will be elaborated in the discussion:
 Users repeatedly claimed that the application should be modelled around a stable set of knowledge, rather than around 'knowledge in flux'.  Users were attempting to find the practical usefulness of the conceptual ambiguities in the content of the application.  In claiming that the system should contain some kind of 'truth', users expected the application to involve a delimited scope of the concept of seasonality  The ambiguity embedded in the design, spurred reflection and criticism of the sources that the application relied upon.  Responsibility for decisions and their consequences became an issue of negotiation, through which users claimed that the application and the designers should be seen as responsible actors. The ways that the participants talk about sustainability mirrors how knowledge is modelled in interactive applications and, in turn, the ways such designs reproduces knowledge discourses. The participants request for getting the "correct" information illustrates how users expect an application like Ecofriends to 'simplify' for them in making responsible and sustainable actions. Much of their talk points to an expectation that applications like EcoFriends should act as a decision support application, rather than as tools for reflection. Contrary to this expectation, EcoFriends was designed to challenge and mirror the complexity and open-endedness of a sustainability practice such as buying groceries in season. A straightforward response to this tension would be to claim that the application should be redesigned according to the users' expectations. However, we argue that the data is illustrative of a number of underlying assumptions regarding how users perceive value-laden concepts in technology. Design of reflective sustainable interactions thus, needs to expose users to some of the 'socio-material entanglements' that constitute sustainability, and any other value laden domain. For designers, this involve shifting viewpoint from that of considering the user as the sole agent that drives the interaction, towards that of considering interaction/agency as emergent in a sociomaterial matrix in which these issues are embedded [35] .
On a situated level, the participants experienced discrepancies between their own pre-conceptions about how seasonality should be modelled, and the way it was actually modelled in EcoFriends. It was challenging for the Session: Sustainability and Everyday Practices CHI 2014, One of a CHInd, Toronto, ON, Canada participant to deal with the fact that the design of the application itself rests on the assumption that we cannot be sure of what is correct information and not, and that the design of the application puts this assumption upfront.
This could be formulated as a discrepancy in the fundamental assumption as to what constitutes the seasonality of a fruit or vegetable: a discrepancy between the perspectives of the participants and that of the application. This discrepancy regards the specific way that the participants experienced seasonality within the context of the application, rather than their general understanding of such concepts. Within the specific context of an application designed for sustainable interaction, the participants expected that the technology should include a model of seasonality that was based on what we above characterised as representational technology. In such a design, a concept like seasonality would be modelled through measurable or more or less discrete representations of its core concepts. On the contrary, in EcoFriends, the core concepts of seasonality were modelled around what we characterize as performative technology. In such technology, seasonality is constructed and portrayed based on the dynamics of different actors relevant to the social and material circumstances around seasonality.
Performativity in interaction design
The distinction between representational and performative technologies has been exposed on several occasions throughout our study. This distinction and the challenges it brings along, provides an interesting case for interaction design in sustainable interaction. Especially, this is the case in settings that involve knowledge in value-laden domains. The seasonal information and the information fragments around each specific product in EcoFriends, provide a, to use Latour et. al.'s words, 'highly specific point of view' on the product and its seasonality [20] . The point of view of each particular user differs from that of all other users, and also dynamically changes along with updates in the social media, information sources, and shopping behaviour that the interaction in EcoFriends relies upon. Thus, these different points of view cannot be said to provide absolute or objective lenses of what constitutes the seasonality of a product EcoFriends essentially builds on experts' and lay people's knowledge and opinions, but the design to some extent the design failed to communicate this. There could be several reasons for this, such as unclarity in the design and set up of the study. Another possible reason for is that the participants were unaccustomed to ambiguous data in general, and in particular to its inclusion as a critical element in interactive applications design. Conceptually, this reflects a discrepancy between the users' epistemology and that of EcoFriends. Such discrepancy has consequences for a number of aspects in the interaction, such as users' trust, their expectations of the application, and aspects of accountability and responsibility. These consequences resonate with fundamental conceptions for understanding interaction in HCI. Already in Don Norman's early work it was proposed a distinction between the user's mental model and the designer's conceptual model of the application. This distinction became a source of many of the challenges we have seen in HCI, see e.g. [27] and approaches to overcoming this gap has been a central topic in much interaction design research. Some of these notions have proven too simplified in accounting for when interaction breaks down. We would like to formulate such discrepancies in terms of differences in epistemologies that go beyond aspects that can be addressed by design only. Rather than seeing these epistemological differences as problems that need to be overcome, they can be seen as design resources that could let us design technologies that challenge users' pre-conceptions and let designers, as well as users, to experience value-laden technologies in less absolute terms [21] .
CONCLUSIONS
In Ecofriends seasonality was modelled through a performative approach. It makes several social-relational aspects, such as personal and social connections, manifest in an application for sustainable interaction. Conceptualizing design in this manner allowed us to study sustainable interaction from a novel viewpoint, which in turn, has made novel interaction design issues to surface.
In investigating interactive technology for seasonal grocery shopping through Ecofriends, we, as well as the participants, got to reflect further on the dynamics involved in such a concept. In EcoFriends, the dynamic image of seasonality was designed based on social voices regarding fruits and The open-ended design of EcoFriends revealed a dynamic and socially-dependent perspective on knowledge. We found it interesting how this led users to engage in questions regarding the underlying assumptions that the application was based on. These primarily regarded themes revolving around aspects of truth, trust and reliability. We have formulated a set of research challenges requiring further research. These include:
1. The expectation for stable knowledge. Sustainable and value-laden domains contain dynamic and often inconclusive knowledge. Interaction around such knowledge needs to balance the circumstances of practical everyday use without hiding the underlying complexity and its inevitable ambiguity.
2.
The expectation for a clearly delimited scope of the application and the interaction. People's perception and expectation that interaction should portray 'the truth' of a phenomena, stands in contrast to a performative interaction design that contains and reveals a multitude of potential truths that reach out into novel settings and practices.
3. Responsibility as negotiated. The locus of responsibility, the responsibility of interaction, and the nature of responsible design is an issue under negotiation between interaction designer and user. A performative approach can be used to challenge the foundations of ideas and preconceptions around facts, information and knowledge in value-laden domains, thereby making negotiation a topic for interaction
FINAL REMARKS
In contemporary society, digital applications are to a large extent used as sources of knowledge. Interactive technology engaged in value-laden societal discourses, such as sustainability, revolves around making the complex relations involved in these understandable and relevant to everyday practices. Our study shows that an application like EcoFriends inevitable gets placed in such a discourse, and when the application does not play along with this discourse, users become frustrated.
We want to stress that performative design is difficult, and in order to isolate the key factors behind various issues that arise in a user study, we tried to be careful when ascribing them to a particular aspect of our design approach. Especially, since they might as well stem from unclarity or other aspects of our design. However, we argue that we have actually been able to tease out issues central to a performative design approach in our empirical analysis by staying close to the two conceptual perspectives, performativity and representationalism, and let these guide our thinking throughout this work. We do not claim that our design, nor our study, is complete in all respects. However, we believe that our approach allowed us to identify central challenges involved in performative design such as accountability, truth, and sociality, in relation to designers, users, and technology. Especially, we would like to emphasize: a) the necessity to interactionally communicate to users that systems such as EcoFriends are of a different kind than other systems that support sustainable action b) the necessity to clearly describe the data sources that the the social voices of system rely upon, and c) that performativity as an analytical lens helps us identify underlying factors that influence people's experience with these kinds of systems.
In this respect, interaction design is highly normative by the way it conceptualizes knowledge, not because it simplifies the world, but because design reshapes the world. Our results revealed underlying assumptions about interaction design and how we have come to expect knowledge to be presented through technology. Hence, introduction of new technology reproduces and reinforces a conceptual understanding of what we are expecting to be able to achieve through technology. Consequently, research addressing design for interactions about value-laden concepts such as sustainability needs to find ways of supporting users to be aware of such expectations.
